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Introduction
The study of the chemical composition of metal−poor stars is one of the most important tools to understand and constrain the models for the early evolution of our Galaxy (see Beers & Christlieb 2005; Frebel & Norris 2015 , and reference therein). In particular, detailed abundance ratios of the stars of the lowest [Fe/H] in our Galaxy contain information on the nature of the first stars which enriched the gas which subsequently formed the most metal−poor stars we are observing. TOPoS (Turn−Off PrimOrdial Stars) is a survey based on the ESO/VLT Large Programme 189.D-0165. extinction maps and corrected using the techniques described in Bonifacio et al. (2000) . As the stars of the sample were selected to have typical TO colours, an archetypical gravity of log g = 4.0 has been assumed for all stars. The micro-turbulent velocity has been set to 1.5 km/s. The determination of the [Fe/H] abundances was computed using the code MyGIsFOS (Sbordone et al. 2014 ). This code is based on the selection of clean Fe lines for which the equivalent width is measured 1 . Further details about the determination of the [Fe/H] can be found in Caffau et al. (2013a) . We do not report the radial velocities of the stars as it will be discussed in detail in a forthcoming paper.
Analysis
We carried out a classical 1D LTE analysis using MARCS model atmospheres (Gustafsson et al. 2008 ). The abundances used in the model atmospheres were solar-scaled with respect to the Grevesse & Sauval (2000) solar abundances, except for the α−elements that are enhanced by 0.4 dex. We corrected the resulting abundances by taking into account the difference between Grevesse & Sauval (2000) and Caffau et al. (2011) , Lodders et al. (2009) The abundance analysis was performed using the LTE spectral line analysis code turbospectrum (Alvarez & Plez 1998; Plez, B. 2012) , which includes continuum scattering in the source function (Cayrel et al. 2004 ). For each available transition, we computed a synthetic spectrum and compared the synthetic spectrum directly with the observed spectrum. We used the three lines of the magnesium triplet to derive the magnesium abundance. For silicon, we used the 390.5 nm line.
The calcium abundance was measured using the lines at 422.6, 443.4 and 445.5 nm. We did not use the Ca II IR lines which is very likely caused by an incorrect sky subtraction. These lines are also known to be sensitive to departures from LTE, and are usually too strong for meaningful abundance determination. For strontium, we used the lines at 407.7 and 421.5 nm. Barium abundances were determined using the 455.4 nm line. We also evaluated the upper limits for the the carbon abundance by fitting the CH G−band. Given that we selected our targets from spectra with weak CH G−band, we do expect to find stars with a high carbon abundance. Indeed, we did not find any star with a high [C/Fe] ratio compatible with the high−carbon band as defined by Spite et al. (2013) .
From our measurements, a fraction of the stars populates the low−carbon band of the CEMP stars, but these upper limits are based on spectra with a rather low SNR and may give much higher carbon abundances than the true value. Indeed, the high [C/Fe] upper limits we measured are all found in the hottest stars of the sample, a temperature range for which the determination of the carbon abundance is particularly challenging. Further analyses with spectra of higher quality would help to give better estimates of the carbon abundance in these stars. The abundances tabulated in Table A .2 represent the best fit to the data. In some cases only a single transition has been measured providing a single abundance, whereas in others several lines have been measured and an average abundance is presented. The SNR of the reduced spectra presented in table A.1 may be used to evaluate the quality of the spectra. For the different elements studied in this article, we give the number of absorption lines that have been used to determine the abundances in Table A .2. Table 1 lists the computed errors in the elemental abundances ratios due to typical uncertainties in the stellar parameters. The errors were estimated varying T eff by ± 100 K, log g by ± 0.3 dex and v t by ± 0.5 dex in the model atmosphere of SDSS J154746+242953, other stars give similar results. We chose this star because it has a temperature and [Fe/H] close to the median value of the ranges for the sample. Moreover, we could measure the Mg, Si, Ca, Ba and Sr abundances in this star. The main uncertainty comes from the error in the placement of the continuum when the synthetic line profiles are matched to the observed spectra. This error is of the order of 0.2 to 0.3 dex depending on the species under consideration. When several lines are available, the typical line−to−line scatter for a given elements is 0.1 to 0.2 dex.
Errors

Results and discussion
For most of the stars, we could derive the abundance of magnesium, silicon and calcium thanks to the strong lines of these species. We could also determine the abundance of strontium and barium for some of the targets. The results are gathered in Table A .2.
6.1. Magnesium, calcium and silicon in turn−off stars.
In Fig.1 , we plot our results as red circles together with previous results from our group (Bonifacio et al. 2009 (Bonifacio et al. , 2012 Caffau et al. 2013a,b) . We add the results from Matsuno et al. (2017) . It is important to note that this figure contains only turn−off stars. (Bonifacio et al. 2009 (Bonifacio et al. , 2012 Caffau et al. 2013a,b) . Blue (resp. grey) squares represent the stars which have been observed with UVES (resp. Xshooter). Pink squares represent dwarf stars analysed by Matsuno et al. (2017) . Black dashed lines represent the linear fit to our data. Typical errors are represented in the lower left par of each panel. spectra by our group (blue symbols) seem to give lower abundance ratios. Below [Fe/H] ≃ −4.0 dex, the abundance ratios found by previous studies seem to decrease down to values close to solar. This result should be taken with caution as it is based on few stars. If we consider the full set of results for turn−off stars shown in Fig.1 (Cayrel et al. 2004 ), although with a larger scatter.
Abundance spread
At a given metallicity, the [Mg/Fe] abundance ratios exhibit a significant scatter, which was already visible in the previous sample of TOPOS results represented as grey squares in Fig. 1 .
To verify the presence of the scatter, we identified "twin stars" in our sample, i.e. stars with similar atmospheric parameters. We find two couples: the first pair SDSS J135046+134651 and 
Temperature trends
The abundance trends as a function of effective temperature in a sample of dwarf stars can be used to evaluate the presence of significant unknown absorption lines in the region of the transitions we studied. The strength of this unknown line would change as a function of temperature and would affect the derived abundance.
In seem to indicate a variation of its abundance as a function of metallicity, an effect already found by Preston et al. (2006) . From their analysis based on high resolution high SNR spectra, they conclude that the silicon abundances measured in the cooler stars represent the true abundances of Si, hence an super-solar ratio. In the lower right panel of this figure, we present the mean abundance of magnesium and calcium, in order to minimize random errors. It is interesting to note a small decrease of the spread of the [α/Fe] ratios at a given temperature compared to the [Mg/Fe] vs T eff and [Ca/Fe] vs T eff . However the spread is still present and is not correlated with temperature.
Strontium and barium
In Fig. 5 , we plot our results for strontium and barium as red open circles together with the results from our group (Bonifacio et al. 2009 (Bonifacio et al. , 2012 Caffau et al. 2013a,b) . Blue symbols represent the metal-poor dwarf stars observed by our group (Bonifacio et al. 2009 (Bonifacio et al. , 2012 Caffau et al. 2013a,b) , the open blue circles denote stars which have been observed with UVES, whereas the blue squares are from X-Shooter spectra. We also add the results of Roederer et al. (2014) (SDSS/SEGUE), with follow-up observations with the Subaru telescope. In their paper, they selected eight unevolved stars with T eff ≤ 5500 K and [Fe/H] ≤-3.5 dex. They could measure the strontium abundance in four of them, and the barium abundance in three of them. The two most metal−poor stars of their sample are suspected to be CEMP (carbon− enhanced−metal−poor) sstars, and can hence be considered as different from the stars of our sample, which does not contain any CEMP stars. For strontium, we report a good agreement with the results published in the literature for other turn−off stars. The situation is more complex for barium. We find a systematic difference with the trend found by Roederer et al. (2014) for their sample of dwarf stars. However, this point has to be taken with caution as it is based on a very small sample. For the majority of the stars of our sample, we could not measure the barium abundance. Our results may simply reflect the limits of detection of the barium abundance in metal−poor turn−off stars from medium resolution and moderate SNR ratios. (Bonifacio et al. 2009 (Bonifacio et al. , 2012 Caffau et al. 2013a,b) . Open circles (resp. squares) represent the stars which have been observed with UVES (resp. Xshooter). Pink squares represent dwarf stars analysed by (Matsuno et al. 2017) . The star SDSS J114424-004658 belonging to our sample shows both a high [Sr/Fe] and [Ba/Fe] ratio (larger than 1 dex). We also compute an upper limit of Europium for this star and found [Eu/Fe] < 3.10 dex. This very high upper limit cannot be used to demonstrate that this star is a r−process enriched star. High resolution, high SNR spectra would be necessary to derive the Europium abundance or at least a useful upper limit. This star is very similar to SDSSJ022226.20- capture absorption lines may be visible in high S/N high resolution spectra. This would be hence a very interesting target for follow-up observations.
In Fig. 6 , we plot the ratio [Sr/Ba] as a function of [Ba/Fe] for the two stars of our sample for which we could measure the abundances of these elements. We add the results of Roederer et al. (2014) as light brown circles black circles for main−sequence and turn−off stars. We also plot the results for Sr and Ba from the ESO large programme "First Stars" (François & al. 2007 ).The two pink squares represent the results of Matsuno et al. (2017) . The CEMP stars, which may to be considered as chemically peculiar stars, are represented as triangles. It is interesting to note the increase of the [Sr/Ba] ratio as [Ba/Fe] decreases, as mentioned for example by Spite et al. (2018) and François & al. (2007) . Merging the results of Roederer et al. (2014) and Matsuno et al. (2017) shows that the decreasing 
Conclusions
In the context of the TOPoS large programme, we have analysed sixty five metal−poor turn−off stars using X−Shooter spectra increasing by more than a factor of two the number of metal-poor turn−off stars with detailed abundances published in the literature. We measured the abundances of magnesium, calcium and silicon for most of the stars. We were able to derive the abundance of strontium in 12 stars and the abundance of barium in two stars of the sample. Both [Mg/Fe] and [Si/Fe] 
